ABSTRACT. Magnetite nanoparticles were prepared by co-precipitation method and then silica was coated onto the surface of Fe3O4 by hydrolysis of TEOS. The silica coated magnetite nanoparticles were characterized for its structural, microstructural, optical, vibrational and magnetic properties by X-ray diffraction analysis, Scanning electron microscopy, UV-visible spectroscopy, Infrared spectroscopy and Vibration sample magnetometer, respectively. XRD study confirmed the presence of SiO2 on the surface of magnetite nanoparticles. SEM study indicated that with increase in TEOS content the particles become bigger and mono-disperse. It was also found that the silica coating prevents magnetic particles from aggregation and imparts excellent stability.
INTRODUCTION
Magnetite nanoparticles have received a great deal of attention because of their potential use in various biomedical applications, including contrast agents in magnetic resonance imaging (MRI), magnetic separation and sorting of cells and proteins, immunoassay in pathology laboratories, hyperthermia treatment for cancer tumors, controlled and targeted delivery of pharmaceuticals and therapeutic genes. 1−10 Looking at the importance of magnetite nanoparticles, in recent years, much attention has been focused on the synthesis of uniformly sized magnetic nanoparticles.
11−21
In spite of named benefits, there are some basic challenges in order to make magnetite nanoparticles suitable for various potential applications. One major problem associated with these nanoparticles (NPs) is that these are highly prone to aggregation because of their large specific surface area, high surface energy and high magnetization value. Therefore, they show poor dispersion in water as well as in organic solvents. Another problem with these NPs is that because of having Fe 2+ ions, it oxidizes easily and is vulnerable to lose magnetism. Moreover, it is difficult to graft the surface of Fe 3 O 4 NPs with organic materials since there are few hydroxyl groups present on their surface. 22 In order to solve these problems, coating of magnetite nanoparticles surface with various inorganic materials such as noble metals, metal oxides and silica within core/ shell structures, has been suggested. Among these coating materials, silica has allocated a special place to itself because of its unique properties such as chemical stability, biocompatibility, strong affinity towards magnetite and reactivity with various coupling agents.
23−28
There are many reports in the literature which are focused on the synthesis of agglomeration free magnetite-silica composite nanoparticles, but most of the report shows illdefined structure and morphology as a result of ignoring pretreatment of magnetite before coating with silica.
29
Very few works have been directed to study systematically the formation of well-defined silica-coated magnetite nanoparticles using TEOS.
It has been reported that the structure and morphology of the resultant nanocomposites cannot be well controlled if the prepared magnetite NPs by co-precipitation method were used directly without any treatment as seeds. According to the reports of Wang et al. Fe 3 O 4 NPs coagulate during coating process which results in the formation of large aggregates of silica-coated magnetite NPs. 30 Hence, the stabilization of magnetite NPs is necessary to enhance their dispersing stability in reaction media during the coating process prior to fabrication of the core/shell nanostructures. For this purpose, researchers have used various surfactants and stabilizers for surface modification of magnetic NPs during the synthesis process. This stability is based on creating electrostatic (due to ionic compounds) and steric (due to long-chain hydrocarbons) repulsion between NPs that can overcome the magnetic and surface-related attractions.
Therefore, in this work, the silica-coated magnetite nanoparticles with different TEOS content have been synthesized by using a two step synthesis route. The magnetite nanoparticles are prepared by co-precipitation method. The as prepared magnetite nanoparticles are used to synthesize the Fe 3 O 4 @SiO 2 nanocomposite using modified Stöber method. Initially, ammonium hydroxide was used to stabilize magnetite NPs. The surface morphology of the NPs was captured to confirm the formation of uniform silica-coated magnetite particles with core-shell structure. The structural, microstructural, optical and magnetic properties were studied to extract more detail information about the nanocomposite.
EXPERIMENTAL PROCEDURE

Materials
For the synthesis of magnetic nanoparticles in this study, all chemicals were of analytical grade and were used without further purification. Ferric chloride hexa-hydrate (FeCl 3 ·6H 2 O), ferrous chloride tetra-hydrate (FeCl 2 ·4H 2 O), tetraethylorthosilicate (TEOS), and ammonium solution (26% of ammonia) were purchased from Aldrich.
Co-precipitation Method
Ferric chloride and ferrous chloride were mixed in 2:1 molar ratio. The solutions of Fe 2+ and Fe 3+ were prepared by making their aqueous solutions in distilled water and this solution containing both ions was then heated up to 50 o C for 10 min. After heating, the solution was precipitated by ammonia solution with continuous stirring on the magnetic stirrer at 50 o C. Black colored particles of iron oxide were precipitated. These particles were then separated from the solution by using a strong magnet and then were washed many times with distilled water. The precipitated magnetite is black in color. The powder was then dried in hot air oven at 100 o C for overnight. The overall reaction can be written as
Preparation of Fe 3 O 4 /SiO 2 Nanoparticles The Fe 3 O 4 nanoparticles (0.25 g) were ultrasonicated for 1 h to make them uniformly disperse in anhydrous ethanol (40 mL). Concentrated ammonium hydroxide (4.5 mL) was diluted to the above solution, and TEOS (1 mL) was quickly added under vigorous stirring. The solution was left to stir for 12 h. The product was collected by centrifugation and washed with anhydrous ethanol three times. Now further Fe 3 O 4 /SiO 2 nanoparticles are synthesized at different TEOS volume of 1.5 mL and 2 mL.
Characterization
The phase formation of Fe 3 O 4 /SiO 2 nanoparticles were analyzed using X-ray powder diffraction (XRD, Brukeraxs, D8 Advance) over the 2θ ranges from o at scan rate of 2 o /min, using Cu-K á radiation (1.5408 A) . The surface morphology of the samples was taken by using JEOL JSM 6480 LV scanning electron microscope (SEM). Fourier transform infrared (FTIR) spectra were obtained using Nicolet FTIR Avatar 360 (Nicolet, USA) with the KBr method. The Optical properties were studied by using UV CARY 100 Scan UV-visible Spectrophotometer. Magnetic properties (M-H curve) were measured with a vibrating sample magnetometer (VSM, Quantum Design) at room temperature. Fig. 1 shows the XRD patterns of pure and modified Fe 3 O 4 nanoparticles. XRD peaks of pure magnetite sample are found to be sharp and distinct indicating good crystallinity and homogeneity of the sample. The absence of secondary peaks ensures the good purity of the sample. However, in the Si doped magnetite samples, with the increase in dopant concentration the intensity of the peaks are found to decrease which may be due to the amorphous nature of Si. In case of doped samples a broad peak ~25 degree is observed which confirms the presence of Si in the sample. The SEM micrographs of the pure and modified Fe 3 O 4 nanoparticles are shown in Fig. 2 . It is found that with the increase in TEOS content clear and distinct spherical shaped particles are obtained. It can also be seen that the particle size is increased with the increase in TEOS content. To determine the optical properties of the synthesized Fe 3 O 4 @SiO 2 nanoparticles the UV-vis Spectra (with DRS) were collected and are shown in Fig. 3 . It can be observed that with increase in TEOS content the absorption peak is shifted towards the higher wavelength side i.e. red shift is observed. It is a well known fact that with the increase in particle size the band gap of a material decreases which results in the shifting of the absorption peak towards the higher wavelength side. This phenomenon occurs, since in a nanomaterial the energy levels are discretely defined and the energy level shifts according to the quantum size effect (QSE) but when the size of the particle increases the energy levels are no more discrete which decreases the band gap of the material.
RESULTS AND DISCUSSION
In the present study it is observed that with the increase in TEOS content in the composite, the particle size of the composite was found to increase and hence the band gap decreases. magnetic in nature. 32 The saturation magnetization (Ms) is found to be strongly dependent on the particle size as well as TEOS content. The value of Ms (63.5) is found to be higher in case of pure Fe 3 O 4 whereas with the increase in TEOS content it decreases. The decrease of Ms value with the increase of TEOS content in the composite can be attributed to the non-magnetic nature of SiO 2 nanoparticles. The increase of the height of the Si−O band in the FTIR pattern at ~1100 cm −1 (Fig. 4 ) also supports this fact. The decrease of Ms value can also be explained in terms of the increase of particle size. The decrease in Ms value at smaller particles sizes is attributed to the noticeable surface effects in these nanoparticles. The surface of the nanoparticles is considered to be composed of some canted or disordered spins that prevent the core spins from aligning along the field direction resulting in decrease of the saturation magnetization of the small sized nanoparticles. 33 Since all these samples show perfect superparamgnetic behavior, hence they are believed to be promising for wide range of engineering applications, such as drug delivery, bio-separation and magnetic resonance imaging.
CONCLUSIONS
Fe 3 O 4 nanoparticles are prepared by chemical co-precipitation method. Then silica was coated onto the surface of Fe 3 O 4 by hydrolysis of TEOS. XRD patterns confirm the presence of SiO 2 phase along with the magnetite phase in the sample. UV-vis spectra shows a red shift with increase in SiO 2 doping. This is due to the fact that with increase in particle size the band gap of the material decreases. The magnetization measurements confirm that the samples are super paramagnetic in nature. The saturation magnetization (Ms) was found to decrease drastically with increase in SiO 2 coating.
